Introduction
After acute coronary syndrome (ACS), adequate platelet inhibition is crucial to minimize the risk of recurrent ischaemic events. Dual antiplatelet therapy (DAPT) with aspirin and a P2Y12 inhibitor (clopidogrel, prasugrel, or ticagrelor) is currently recommended following ACS for 1 year. 1, 2 Compared with clopidogrel, prasugrel, and ticagrelor, named initially as 'newer P2Y12 blockers', have a more pronounced inhibitory effect on platelet activation and have been associated with a lower risk of coronary thrombotic events in association with aspirin after ACS in the large TRial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet InhibitioN with Prasugrel-Thrombolysis in myocardial infarction (TRITON-TIMI) and PLATelet inhibition and patient Outcomes (PLATO) randomized studies. 3, 4 Consequently, newer P2Y12 inhibitors (i.e. prasugrel or ticagrelor) have become the standard therapy in association with aspirin for 12 months following ACS and are recommended over clopidogrel in the latest European Society of Cardiology guidelines. 1, 2 The clinical benefit provided by these drugs is related to a significant reduction in recurrent ischaemic events (including acute and subacute stent thrombosis (ST), myocardial infarction (MI), and urgent revascularization). Although the ischaemic benefit was consistent throughout the first year, the greater reduction in ischaemic recurrence after ACS was observed during the initial 30 days following the treatment initiation. 3, 4 In contrast, landmark analysis clearly demonstrated a significant increase in the bleeding risk with the newer P2Y12 inhibitors, occurring predominantly during the maintenance phase (after the first month). 5, 6 However, for both drugs the net clinical benefit favoured the newer P2Y12 blockers throughout the entire study period. 3, 4 These observations have led some authors to describe two phases after an ACS; a first ischaemic phase, with a high risk of recurrent thrombotic events, followed by a second phase where the risk of bleeding complications outweighs the ischaemic risk. The ischaemic phase would require a potent platelet inhibition, achieved with the newer P2Y12 blockers, while during the secondary phase the degree of platelet inhibition could be reduced (i.e. conversion to clopidogrel) to achieve an optimal balance between ischaemic benefit and bleeding risk. Therefore, the objective of the present study was to investigate the impact of switching from aspirin plus a newer P2Y12 blocker to a fixed dose combination (FDC) of aspirin and clopidogrel, in patients with no adverse event during the first month after ACS.
Methods

Study design and patients
The TOPIC (timing of platelet inhibition after ACS) randomized study was an open-label, single centre, randomized, controlled trial which was carried out at Timone Hospital, Marseille, France. The study is registered in ClinicalTrials.gov, number NCT02099422. All patients referred to the study centre from March 2014 to April 2016, were enrolled if they met the following criteria: admission for ACS requiring early percutaneous coronary intervention (PCI) within 72 h, treatment with aspirin and a newer P2Y12 blocker at discharge, no major adverse event one month after the ACS and age > 18 years. Exclusion criteria were history of intracranial bleeding, contraindication to use of aspirin, clopidogrel, prasugrel, or ticagrelor; major adverse event (ischaemic or bleeding event) within a month of ACS diagnosis; thrombocytopenia (platelet concentration lower than 50 Â 10 9 /L); major bleeding (according to the Bleeding Academic Research Consortium (BARC) criteria) in the last 12 months; long term anticoagulation (contraindication for newer P2Y12 blockers) and pregnancy. The indication for PCI was based on the current Guidelines from the European Society of Cardiology. 1, 2 The inclusion criteria for patients with unstable angina or non-ST-elevation MI were ischaemic symptoms defined as chest pain at rest or de novo exerciseinduced angina and either ST-segment deviation of 1 mm or more, elevated levels of a cardiac biomarker of necrosis or prior history of coronary artery disease. Patients with a negative troponin of lack of myocardial necrosis markers were classified as unstable angina. Patients with ST-elevation MI who underwent primary PCI within 12 hours after the onset of symptoms were enrolled.
Randomization
All patients received treatment with aspirin and a newer P2Y12 inhibitor for 1 month after the ACS. One month after the ACS, eligible patients were then randomly assigned in a 1:1 ratio to receive a FDC of aspirin 75 mg plus clopidogrel 75 mg (switched DAPT) or continuation of aspirin plus continuation of newer P2Y12 blocker (unchanged DAPT with same treatment than before randomization). The randomization sequence was computer generated at Timone hospital and patients' allocations were kept in sequentially numbered sealed envelopes. Group allocation was issued by the secretarial staff of the research department at Timone hospital.
Treatment
During the index admission, a 300 mg loading dose of aspirin was given to patients who were treatment naïve before the study. All patients were pre-treated with a loading dose of ticagrelor 180 mg or prasugrel 60 mg before PCI. At the discretion of the attending physician, patients were discharged on ticagrelor 90 mg bid or prasugrel 10 mg daily in addition to aspirin. At 1 month patients were randomly assigned to either continue with the standard regimen of aspirin plus newer P2Y12 blocker (unchanged DAPT) or receive a single tablet FDC of aspirin75 mg plus clopidogrel 75 mg (switched DAPT). To reduce the risk of bleeding, use of radial access, proton-pump inhibitors, and access-site-closure devices (when PCI was undertaken via femoral artery) were recommended but not mandatory. Other cardiac medications were given according to local guidelines.
Follow-up and end point assessments
The primary end point was a composite of cardiovascular death, unplanned hospitalization leading to urgent coronary revascularization, stroke, and bleeding episodes as defined by the BARC classification > _ 2 at 1 year after ACS. 7 This combination of both ischaemic and bleeding events was defined as net clinical benefit. Each of the components was also evaluated independently, as well as the composite of all ischaemic events and all BARC bleeding episodes. Each bleeding event was classified separately according to the thrombosis in MI (TIMI) criteria (minimal, minor or major). 8 Additional predefined safety end points included ST according to the Academic Research Consortium criteria at 1 year. 9 Unplanned revascularization was defined as any unexpected coronary revascularization procedure (PCI or coronary artery bypass graft surgery (CABG)) during the follow up period. Stroke diagnosis was confirmed by a treating neurologist. Computed tomography or magnetic resonance imaging was used to distinguish ischaemic from haemorrhagic stroke. We also analysed adherence to the assigned therapy during the follow-up period using standardized questionnaire. All data were collected prospectively and were entered into a central database. Clinical follow-up was planned for 1 year after the index event or until the time of death, whichever came first. Telephone-based interviews were also performed at 6 months for all patients by research nurse. All events were adjudicated by a locally trained research committee (composed by one of the research nurse and a physician) unaware of treatment allocations. Standardized questions were used to assess bleeding episodes, thrombotic events, and use of medications. All thrombotic and bleeding events requiring medical attention were verified by a research nurses committee blinded to the patient's study group, by analysis of medical records obtained from referring family doctors and hospitals. After being collected, data were analysed by physician at our institution dedicated to study follow-up.
Ethics
The ethics committee at our institution approved the study protocol, and we obtained written informed consent for participation in the study. We honoured the ethical principles for medical research involving human subjects as set out in the Declaration of Helsinki. The data management and statistical analysis were performed by the research and development section, Cardiology Department, Timone Hospital, Marseille, France.
Statistical analysis
The trial was powered to assess whether FDC of aspirin and clopidogrel (switched DAPT) was better than the association of aspirin and newer P2Y12 blocker (unchanged DAPT) in the prevention of the primary composite endpoint of bleeding and ischaemic events (net clinical benefit) in ACS patients treated with PCI. We assumed a 10% occurrence rate of any bleeding or ischaemic complication at 1 year in the switched DAPT group and of 18% in the unchanged DAPT group, based on data from large randomized studies that were available at the time of study design. 1, 3, 4, 10 Based on these assumptions, we calculated that a minimum sample size of 319 patients in each group would be required to achieve an a level of 0.05 and statistical power of 0.80. All calculations were performed using the SPSS software (version 20.00) and Graphpad prism (version 7.0). Continuous variables were reported as means and standard deviation or as medians and interquartile range (according to their distribution), and categorical variables were reported as count and percentages. Standard two-sided tests were used to compare continuous variables (Student t or Mann-Whitney U tests) or categorical variables (v 2 or
Fisher exact tests) between patient groups. We analysed the primary and secondary endpoints by means of a Cox model for survival analysis, with time to first event used for composite endpoints, and results reported as hazard ratio (HR) and 95% confidence interval (95% CI) for switched DAPT vs. unchanged DAPT. The primary analysis was assessed by modified intention to treat analysis. This study is registered with ClinicalTrials.gov, number NCT02099422.
Results
Baseline
Between March 2014 and May 2016, 646 patients were enrolled of whom 323 were randomly assigned to the switched DAPT group and 323 to the unchanged DAPT group (Figure 1) . Follow-up at 1 year was performed for 316 (98.1%) patients in the switched DAPT group and 318 (98.5%) in the unchanged DAPT group. The median follow-up for both groups was 359 days, and the mean follow up was 355 days in the switched DAPT group vs. 356 days in the unchanged DAPT group. The characteristics of the studied cohort are summarized in Table 1 . Baseline and procedural characteristics were similar in the two groups ( Tables 1 and 2 ).
Medication adherence
At 1 year after ACS, the allocated DAPT regimen was still used by 277 (86.0%) of 322 patients in the switched DAPT group and 242 (74.9%) of 323 patients in the unchanged DAPT group (P < 0.01). A newer P2Y12 blocker was being used by 18 (5.6%) of 322 patients in the switched DAPT group, while 19 patients (5.9%) were treated with aspirin monotherapy and two patients (0.6%) had no antiplatelet agents. The reason for the treatment modification was an ischaemic event in 14 patients, a bleeding event in 9 patients, non-urgent surgery in 5 patients and unclear cause for 11 patients. Clopidogrel was being used by 54 (16.7%) of the 323 patients in the unchanged DAPT group, while 21 patients (6.5%) received aspirin monotherapy and 1 (0.3%) no antiplatelet. The reason for the treatment modification was a stroke in 3 patients, a bleeding event in 31 patients, non-urgent surgery in 5 patients, dyspnoea in 12 patients, need for triple therapy in 4 patients and an unclear cause for 21 patients.
Endpoints
During the 1 year follow-up, the rate of primary endpoint occurred in 43 (13.4%) patients in the switched DAPT group and in 85 (26.3%) patients in the unchanged DAPT group (HR 95%CI 0.48 (0.34-0.68), P < 0.01) ( Table 3 , Figure 2 ). Bleeding events defined as BARC > _ 2 occurred in 13 (4.0%) patients in the switched DAPT group and in 48 patients (14.9%) in the unchanged DAPT group (HR 95%CI 0.30 (0.18-0.50), P < 0.01) (Table 3, Figure 3A ). Bleeding events defined as all BARC occurred in 30 (9.3%) patients in the switched DAPT group and in 76 (23.5%) in the unchanged DAPT group (HR 95%CI 0.39 (0.27-0.57), P < 0.01) (Table 3, Figure 3B ). Bleeding events as classified TIMI major occurred in one (0.3%) patients in the switched DAPT Any ischaemic endpoint occurred in 30 (9.3%) patients in the switched DAPT group and in 37 (11.5%) in the unchanged DAPT group (HR 95%CI 0.80 (0.50-1.29), P = 0.36) ( Table 3) . 28 (8.7%) patients in the switched DAPT group and 30 (9.3%) in the unchanged DAPT group underwent unplanned revascularization at 1 year (HR 95%CI 0.93 (0.56-1.55), P = 0.78) ( Table 3) ; one patient in the switched DAPT group and three patients in the unchanged DAPT group had a stroke event at 1 year (HR 95%CI 0.37 (0.05-2.6), P = 0.32); one patient in the switched DAPT group and four patients in the unchanged DAPT group had died from a cardiovascular cause at 1 year (HR 95%CI 0.30 (0.05-1.73), P = 0.18) ( Table 3) . The rate of ST was very low and not different between the two groups (four patients in the switched DAPT group vs. three in the unchanged DAPT group). The benefit of the switched strategy for the primary endpoint was consistent across ACS presentation, type of P2Y12 blockers and presence or not of diabetes subgroups (Figure 4) .
Discussion
The main finding of our study is that downgrading DAPT from a newer P2Y12 blocker plus aspirin to a FDC of aspirin and clopidogrel, 1 month after an ACS, was associated with a net clinical benefit mainly driven by a significant reduction in bleeding complications, while the risk of recurrent ischaemic events was not different.
Both ticagrelor and prasugrel have proved superiority to clopidogrel for the treatment of ACS, driven by a significant reduction of recurrent ischaemic events. 3, 4 However, even if this difference persisted throughout the study period, the greatest ischaemic benefit was observed during the earliest phase after ACS. In the PLATO trial, ticagrelor was associated with a significant 11% reduction in the ischaemic endpoint (death from vascular cause, MI, stroke) during the first month. 4 Similarly, in a landmark analysis of the TRITON-TIMI study, prasugrel led to a 25% reduction in MI during the first 30 days of treatment. 11 Conversely, both prasugrel and ticagrelor have been associated with an increased risk of bleeding complications compared with clopidogrel. In the PLATO trial, ticagrelor induced a higher rate of non-CABG related major bleeding, while in the TRITON-TIMI trial prasugrel increased the incidence of major and life-threatening bleeding complications. 3, 4 In our study, the net clinical benefit associate with the switched DAPT was driven by a significant reduction in bleeding events. All bleeding events, including nuisance bleeding, BARC > _ 2 and TIMI minor and minimal bleeding events were significantly reduced by the FDC of aspirin plus clopidogrel. However, TIMI major bleedings were infrequently noticed at 1 year but numerically higher in the unchanged DAPT group. Bleeding has become an important concern because it represents the most frequent noncardiac complication after PCI, with an adverse prognostic impact comparable with that of ischaemic events. [12] [13] [14] [15] Thereby, strategies aiming to reduce the incidence of bleeding complications following ACS have emerged. The decline in the use of GP2b3a antagonists and the widespread use of the radial access have led to a significant reduction of peri-procedural bleeding outcomes. 1, 2 Despite the recommended use of PPI with DAPT the rate of bleeding reported following an ACS remains elevated, as shown in our cohort. Furthermore, reducing the DAPT duration to 30 days in very high bleeding risk patients treated with drug-eluting coated stents after an ACS has proved to be safer than the same duration with bare metal stents; however, one year DAPT after ACS remains the standard of care. 1, 2, 16 Switching from newer P2Y12 blockers to clopidogrel after 1 month is an effective strategy that allows a significant reduction of the bleeding risk with no increase in ischaemic complications.
There is a paucity of clinical data regarding the contemporary practice of switching between P2Y12 blockers after an ACS. Pharmacological studies have shown that downgrading from ticagrelor or prasugrel to clopidogrel is associated with a significant increase in platelet reactivity, which may lead to concern during the early ischaemic phase following an ACS. 17, 18 However, data from registries and 'real-life' studies suggest that switching from a newer P2Y12 blocker to clopidogrel both in hospital 19 and after hospital discharge may be common, despite the fact that this strategy is currently lacking any supporting. 20 This strategy is based on the concept of dynamic and time-dependent risk evolution after ACS. Our results support switching from a potent antiplatelet inhibitor (i.e. newer P2Y12 blocker) to clopidogrel, in patients free of adverse event in the first month post ACS; thereby avoiding bleeding events without excess in ischaemic complications. It is recognized that, after hospital discharge, there remain significant challenges in ensuring adequate compliance and adherence to ACS medications. It has been shown that up to 30% of patients discontinue at least one medication within the first month. 21 In this setting, non-observance is of particular concern because it has been associated with higher rates of all-cause mortality, cardiovascular mortality, MI, ST, and unplanned revascularization. 21 We demonstrated that a FDC of aspirin and clopidogrel, started 1 month after an ACS, led to an improvement of drug adherence, mostly attributed to the prevention of adverse events induced by the newer P2Y12 inhibitors (i.e. bleeding and dyspnoea). A recent analysis of the prevention of cardiovascular events in patients with prior heart attack using ticagrelor compared with placebo on a background of aspirinthrombolysis in MI 54 (PEGASUS TIMI 54) trial showed that the rate of ticagrelor discontinuation affects nearly one-third of patients, is maximal during the first 90 days of treatment, and related mostly to non-serious adverse events (such as dyspnoea and non-serious bleeding). 22 By reducing the bleeding risk and avoiding classical newer P2Y12 blocker side effects (i.e. dyspnoea), the switched DAPT strategy prevents significant triggers of non-adherence to medication. Moreover, it has been shown that reducing the total number of Figure 4 Subgroup analyses of the primary composite endpoint. Data are shown as the number of primary endpoint events per total number of patients in that subgroup and the event rate. Event rates were based on Kaplan Meyer estimation in time-to-first-event analyses. Hazard ratio is for the primary composite endpoint of cardiovascular death, unplanned hospitalization leading to urgent coronary revascularization, stroke and Bleeding Academic Research Consortium bleeding > _2 at 1 year. The P-value for interaction represents the likelihood of interaction between the variable and the treatment.
tablets (i.e. FDC) leads to better compliance 23 and we previously analysed this in the specific setting of ACS patients treated with fixedcombination of aspirin and clopidogrel. 24 
Limitations
The present study has some limitations. Firstly, it was an open label study, which has inherent bias. Nevertheless, all events for which medical attention was sought were adjudicated by a critical events committee unaware of treatment allocation. However, self-reported bleeding episodes and treatment discontinuation, for which patients did not consult a health-care professional, were subjective. In case of adverse event reporting or treatment modification, the letters from general practitioners and medical reports were collected and analysed. Secondarily, we used sealed envelopes for randomization with its own limits. Thirdly, the sample size of the present study limits the interpretation of differences observed in rare adverse events, such as late ST and clinical implications. However, we know that 70-80% of ST will occur within 1 month (3, 4, 9, and 25) of a coronary event and that the rate of ST has been significantly reduced by new generation drug eluting stents. 25 Fourthly, our primary endpoint used the BARC classification for bleedings inducing a high event rate. The BARC bleeding definition has been designed to avoid the use of multiples definitions in the different studies and is associated with prognosis including mortality after ACS.
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Conclusion
In conclusion, our data suggest that, in patients on aspirin plus ticagrelor or prasugrel without evidence of an adverse event in the first month following an ACS treated with PCI, switching DAPT strategy to aspirin plus clopidogrel may reduce the risk of bleeding recurrence without increased risk of ischaemic events. This finding is of major relevance to the 'real-world' management of ACS patients and offers an efficient and cost-effective alternative for ACS therapy particularly in those with a higher bleeding risk or drug compliance concerns.
A future challenge will be to identify which patients would benefit from this switched DAPT strategy and which patients are best maintained on the more potent DAPT regimen for 1 year.
